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LEARNING SESSION-SPECIFIC CODE
RECOMMENDATIONS FOR EDITING CODE
FILES

BACKGROUND

Programming languages ofler developers, designers, and
other users with the ability to precisely specify the operation
of various hardware or software designs for many different
applications. Given the wide variety of programming lan-
guages, these developers, designers, and other users may
utilize or encounter code written by another developer. Code
development tools offer developers, designers, and other
users with different capabilities to 1mprove code perior-
mance and identily errors, which may in the exemplary
scenario described above, help to overcome a developer’s
lack of familiarity with a programming language (or an
environment in which the programming language 1is
deployed) so that high performing code may still be written.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a logical block diagram illustrating session-
specific code recommendations for editing code files,
according to some embodiments.

FIG. 2 1s a logical block diagram illustrating a provider
network that implements different services including a code
development service, according to some embodiments.

FIG. 3 1s a logical block diagram illustrating code sug-
gestion handling, according to some embodiments.

FIG. 4 1s a logical block diagram illustrating session-
specific edit recommendations, according to some embodi-
ments.

FIG. 5 1s a logical block diagram illustrating an example
interface of a development environment, according to some
embodiments.

FIG. 6 1s a high-level flowchart illustrating techniques and
methods to 1implement learning session-specific code rec-
ommendations for editing code files, according to some
embodiments.

FI1G. 7 1s a high-level flowchart illustrating techniques and
methods to implement capturing edits to update machine
learning artifacts for session-specific edit recommendations,
according to some embodiments.

FIG. 8 1s a block diagram illustrating an example com-
puting system, according to some embodiments.

While embodiments are described herein by way of
example for several embodiments and illustrative drawings,
those skilled 1n the art will recognize that the embodiments
are not limited to the embodiments or drawings described. It
should be understood, that the drawings and detailed
description thereto are not intended to limit embodiments to
the particular form disclosed, but on the contrary, the inten-
tion 1s to cover all modifications, equivalents and alterna-
tives falling within the spirit and scope as defined by the
appended claims. The headings used herein are for organi-
zational purposes only and are not meant to be used to limait
the scope of the description or the claims. As used through-
out this application, the word “may” 1s used 1n a permissive
sense (1.¢., meaning having the potential to), rather than the
mandatory sense (1.e., meaning must). Stmilarly, the words
“include”, “including”, and “includes™ mean including, but

not limited to.

DETAILED DESCRIPTION

Various techmiques for session-specific code recommen-
dations for editing code files are described herein. Given the
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proliferation of various different code sharing or distribution
for adaption and use by developers 1n different contexts for
various different purposes, developers are often faced with
the challenge of editing code files which they did not write
(or portions of which they did not write) 1n order to adapt,
use, or advance an application. While some development
tools have been implemented that aid developers in search
for and correcting various errors, bugs, and security issues,
these technmiques are not specific to the editing of a particular
code file to, for example, adapt 1t for a different purpose.
Session-specific code recommendations may thus provide
code editing recommendations that are specific to a code
editing session. As a diflerent code file could be edited 1n
different ways, a session specific code recommendation
technique can provide relevant edit recommendations spe-
cific to a particular adaption or edit of a code file, that would
not necessarily be made to the same code file being edited
for a different purpose.

FIG. 1 1s a logical block diagram illustrating session-
specific code recommendations for editing code files,
according to some embodiments. Code editor application
110 may be a stand-alone code editing application or imple-
mented as part of a code development service, such as code
development service 210 1n FIG. 2. Code editor application
110 may be integrated as part of an integrated development
environment that may also offer other features, such as a
compiler, test, and other development resources 1n addition
to code editing, or may be implemented without such
features. A code editor may also be implemented as part of
a code notebook that supports literate programming or other
styles of programming.

An editing session may be started as indicated at the top
of the time line arrow for the editing session 140. Through-
out editing session, different edits, such as edits 142 and 144
may be made to different portions of a code file 130, such as
code portions 132a and 1325. Session-specific edit machine
learning 120 may be implemented to capture the edits and
learn to recognize and provide alternative code portions that
will make the same (or similar edits to those provided at 142
and 144). For example, edit recommendation(s) 146 may
identify code portions 132¢ and 1324 for replacement with
alternative code portions 1dentified by session specific edit
machine learning 120, which as discussed below with regard
to FIGS. 3-4 and 6-7, can capture, learn, recognize and
generate alternative code portions for 132¢ and 1324d.

Please note that previous descriptions are not intended to
be limiting, but are merely provided as an example of an
integrated development environment, code suggestion gen-
eration system, and tools for code suggestion development.
Various other embodiments may also implement these tech-
niques, as discussed 1n detail below.

The specification next includes a general description of a
provider network, which may implement a code develop-
ment service that provides session-specific code recommen-
dations for editing code files. Then various examples of a
code development service are discussed, including difierent
components/modules, or arrangements of components/mod-
ule that may be employed as part of implementing a code
development service 1n the provider network. A number of
different methods and techniques for session-specific code
recommendations for editing code files are then discussed,
some of which are illustrated in accompanying flowcharts.
Finally, a description of an example computing system upon
which the various components, modules, systems, devices,
and/or nodes may be implemented 1s provided. Various
examples are provided throughout the specification.
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FIG. 2 1s a logical block diagram illustrating a provider
network that implements different services including a code
development service, according to some embodiments. A
provider network 200 (which may, 1n some implementa-
tions, be referred to as a “cloud provider network™ or simply
as a “cloud”) refers to a pool of network-accessible com-
puting resources (such as compute, storage, and networking,
resources, applications, and services), which may be virtu-
alized or bare-metal. The provider network 200 can provide
convenient, on-demand network access to a shared pool of
configurable computing resources that can be programmati-
cally provisioned and released 1n response to customer
commands. These resources can be dynamically provisioned
and reconfigured to adjust to variable load.

The provider network 200 can be formed as a number of
regions, where a region 1s a separate geographical area in
which the cloud provider clusters data centers. Each region
can include two or more availability zones connected to one
another via a private high speed network, for example a fiber
communication connection. An availability zone (also
known as an availability domain, or simply a “zone”) refers
to an 1solated failure domain including one or more data
center facilities with separate power, separate networking,
and separate cooling from those in another availability zone.
Preferably, availability zones within a region are positioned
far enough away from one other that the same natural
disaster should not take more than one availability zone
offline at the same time. Customers can connect to avail-
ability zones of the provider network 200 via a publicly
accessible network (e.g., the Internet, a cellular communi-
cation network). Regions are connected to a global network
which includes private networking infrastructure (e.g., fiber
connections controlled by the cloud provider) connecting
cach region to at least one other region. The provider
network 200 may deliver content from points of presence
outside of, but networked with, these regions by way of edge
locations and regional edge cache servers. This compart-
mentalization and geographic distribution of computing
hardware enables the provider network 200 to provide
low-latency resource access to customers on a global scale
with a high degree of fault tolerance and stability.

As noted above, provider network 210 may implement
various computing resources or services, such as code
development service 210, and other service(s) 230 which
may be any other type of network based services, including
various other types of storage (e.g., database service or an
object storage service), compute, data processing, machine
learning, analysis, communication, event handling, visual-
ization, and security services not illustrated).

In various embodiments, the components 1llustrated in
FIG. 2 may be implemented directly within computer hard-
ware, as instructions directly or indirectly executable by
computer hardware (e.g., a microprocessor or computer
system), or using a combination of these techniques. For
example, the components of FIG. 2 may be implemented by
a system that includes a number of computing nodes (or
simply, nodes), each of which may be similar to the com-
puter system embodiment illustrated in FIG. 8 and described
below. In various embodiments, the functionality of a given
system or service component (e.g., a component of code
development service 210) may be implemented by a par-
ticular node or may be distributed across several nodes. In
some embodiments, a given node may implement the func-
tionality of more than one service system component (e.g.,
more than one data store component).

Code development service 210 may be implemented by
provider network 200, 1n some embodiments. Code devel-
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4

opment service 210 may implement various features for
writing code for different systems, applications, or devices,
providing features to recommend, i1dentily, review, build,
and deploy code. For example, code development service
210 may implement development environment 211. Code
development environment 211 may ofler various code entry
tools (e.g., text, diagram/graphics based application devel-
opment) to specily, invoke, or otherwise write (or cause to
be written) code for different hardware or software applica-
tions.

Code development service 210 may implement code
suggestion delivery 214 which may implement various
computing resources to host and implement session-specific
edit recommendations 213 1n a scalable fashion to delivery
on-demand code suggestions across large numbers of clients
using high-powered machine learning models for high-
quality code suggestion results. For example, code sugges-
tion delivery 214 may implement workload balancing and
request management features to handle and return code
suggestions 1n a timely manner to provide real-time code
suggestions with little or no apparent latency to code sug-
gestion handling 220 (within or without provider network
200).

To avoid making development environments wait on
multiple code suggestions to be sent 1n one communication,
in some embodiments, code suggestion delivery 214 may
implement pagination features for code suggestions to allow
multiple code suggestions to be delivered from hosts or
other computing resources implementing session-specific
edit recommendations 213 to recipient development envi-
ronments 219 and 211 over multiple communications over
time. In this way, code suggestions that are valid may be
made and presented, and then updated as more are received.
Such techmiques offer a simulated streaming experience,
without actually requiring bi-directional streaming to be
supported at development environments. In this way, the
benelits of fast delivery and update of code suggestions can
be provided without introducing additional requirements
onto development environments, which may not necessarily
be maintained by the provider network 200 operator.

In various embodiments, session-specific edit recommen-
dations 213 may generate code suggestions based on text
input 1n development environment 211 or 219 (e.g., utilizing
a plug-in or other connection which may provide real-time
analysis and suggestion of code as the code i1s entered into
the development environment 211 or 219).

Code development service 210 may implement (or have
access 10) code repositories 215. Code repositories 215 may
store various code files, objects, or other code that may be
interacted with by various other features of code develop-
ment service 210 (e.g., development environment 211 to
write, build, compile, and/or test code). Code repositories
215 may implement various version and/or other access
controls to track and/or maintain consistent versions of
collections of code for various development projects, 1n
some embodiments. In some embodiments, code reposito-
rics may be stored or implemented external to provider
network 200 (e.g., hosted 1n prnivate networks or other
locations).

Code development service 210 may implement an inter-
face to access and/or utilize various features of code devel-
opment service 210. Such an interface may include various
types of interfaces, such as a command line interface,
graphical user interface, and/or programmatic interface
(e.g., Application Programming Interfaces (APIs)) in order
to perform requested operations, including operations of
development environment 211. An API refers to an interface
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and/or communication protocol between a client and a
server, such that if the client makes a request 1n a predefined
format, the client should receive a response 1n a specific
format or imtiate a defined action. In the cloud provider
network context. APIs provide a gateway for customers to
access cloud infrastructure by allowing customers to obtain
data from or cause actions within the cloud provider net-
work, enabling the development of applications that interact
with resources and services hosted in the cloud provider
network. APIs can also enable diflerent services of the cloud
provider network to exchange data with one another.

Generally speaking, clients 250 may encompass any type
of client configurable to submit network-based requests to
provider network 200 via network 260, including requests
for services (e.g., a request for code search or suggestion,
etc.). For example, a given client 250 may include a suitable
version of a web browser, or may include a plug-in module
or other type of code module that may execute as an
extension to or within an execution environment provided
by a web browser. Alternatively, a client 250 may encompass
an application (or user interface thereot), a media applica-
tion, an oflice application or any other application that may
make use of resources in provider network 200 to implement
various applications. In some embodiments, such an appli-
cation may include suflicient protocol support (e.g., for a
suitable version of Hypertext Transier Protocol (HT'TP)) for
generating and processing network-based services requests
without necessarily implementing tull browser support for
all types of network-based data. That 1s, client 250 may be
an application may interact directly with provider network
200. In some embodiments, client 250 may generate net-
work-based services requests according to a Representa-
tional State Transfer (REST)-style network-based services
architecture, a document- or message-based network-based
services architecture, or another suitable network-based
services architecture.

In some embodiments, a client 250 may provide access to
provider network 200 to other applications 1n a manner that
1s transparent to those applications. For example, client 250
may integrate with code development service 210. However,
the operating system or file system may present a different
storage interface to applications, such as a conventional file
system hierarchy of files, directories and/or folders. In such
an embodiment, applications may not need to be modified to
make use of the storage system service model. Instead, the
details of interfacing to the data storage service may be
coordinated by client 250 and the operating system or file
system on behalf of applications executing within the oper-
ating system environment.

Clients 250 may convey network-based services requests
to and receirve responses irom provider network 200 via
network 260. In various embodiments, network 260 may
encompass any suitable combination of networking hard-
ware and protocols necessary to establish network-based-
based communications between clients 250 and provider
network 200. For example, network 260 may generally
encompass the various telecommunications networks and
service providers that collectively implement the Internet.
Network 260 may also include private networks such as
local area networks (LANs) or wide area networks (WANSs)
as well as public or private wireless networks. For example,
both a given client 250 and provider network 200 may be
respectively provisioned within enterprises having their own
internal networks. In such an embodiment, network 260 may
include the hardware (e.g., modems, routers, switches, load
balancers, proxy servers, etc.) and software (e.g., protocol
stacks, accounting software, firewall/security software, etc.)
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necessary to establish a networking link between given
client 250 and the Internet as well as between the Internet
and provider network 200. It 1s noted that 1n some embodi-
ments, clients 250 may communicate with provider network
200 using a private network rather than the public Internet.

In some embodiments, provider network 200 may include
the hardware (e.g., modems, routers, switches, load balanc-
ers, proxy servers, etc.) and software (e.g., protocol stacks,
accounting software, firewall/security software, etc.) neces-
sary to establish a networking links between diflerent com-
ponents of provider network 200, such as virtualization
hosts, control plane components as well as external net-
works 260 (e.g., the Internet). In some embodiments, pro-
vider network 200 may employ an Internet Protocol (IP)
tunneling technology to provide an overlay network via
which encapsulated packets may be passed through the
internal network using tunnels. The IP tunneling technology
may provide a mapping and encapsulating system for cre-
ating an overlay network and may provide a separate
namespace for the overlay layer and the internal network
layer. Packets 1n the overlay layer may be checked against
a mapping directory to determine what their tunnel target
should be. The IP tunneling technology provides a virtual
network topology; the interfaces that are presented to clients
250 may be attached to the overlay network so that when a
client 250 provides an IP address that they want to send
packets to, the IP address 1s run 1n virtual space by com-
municating with a mapping service that knows where the IP
overlay addresses are.

FIG. 3 1s a logical block diagram illustrating code sug-
gestion handling, according to some embodiments. Editor
interface 310 may be implemented as part of an integrated
development environment, like development environments
211 or 219 1n FIG. 2. Editor interface 310 may receive edits
to code file(s) 302, make the corresponding edits 303, and
provide the captured edits 304 to session-specific edit
request execution 330. Session-speciiic edit request execu-
tion 330 may determine when to request edit recommenda-
tions and interface with session-specific edit recommenda-
tions 213. For example, the captured edits may be provided
as indicated 306 and used to learn new edits to recommend,
as discussed 1n detail below. Session-specific edit request
execution 330 may also send requests 312 for session-
specific edit recommendations. These requests may be made
according to various different events (e.g., requests from a
user via editor interface 310, not 1llustrated, or 1n accordance
with various time thresholds), and may include some or all
portions 325 from code files 320.

As discussed below, session-specific edit recommenda-
tions may provide edit recommendations 322. Session-
specific edit request execution 330 may provide the edit
recommendations 324 back through editor intertface 310, as
indicated at 326. The recommended edits may then be
accepted 328 and applied, as indicated at 303 or rejected
328, and not applied.

FIG. 4 1s a logical block diagram illustrating session-
specific edit recommendations, according to some embodi-
ments. Session-specific edit recommendations 213 may
implement session edit learning 410. Session edit learning
410 may implement one (or more) machine learning tech-
niques to handled captured edits 402. For example, session
edit learning 410 may implement various techniques dis-
cussed below with regard to FIG. 7, such as waiting to
capture enough edits belfore creating or updating artifacts
411. In some embodiments, session edit learning 410 may be
configured according to learning configuration 409, which
may be a request received through an interface (e.g., of a
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development environment to enable or otherwise configure
the learning of edit recommendations for a session).

In some embodiments, session edit learning 410 may
implement model training 412, which may perform various
machine learning techniques that train a machine learning
model (e.g., a neural network-based machine learming
model) using a training data set may include captured edits
402. Various training techniques may be implemented and
performed using various hyperparameters to produce ses-
sion-specific tuned model 422. For example, a pre-trained
text or code recommendation model may be tuned, using the
captured edits as additional training data, to produce session
specific tuned model 422. The updated model may then be
stored, as indicated at 411 as part of session-specific
machine learning artifacts 420. In some embodiments, dii-
ferent edits may be captured and all included in the same
training run as part ol model training 412, creating a batch
update for multiple edit recommendations that may be made.

Session edit learning 410 may implement rule generation
414 1n some embodiments. Rule generation 410 may use
techniques to generate rules that recognize another code
portion similar to (or the same as) an edit code portion and
then provide the instructions to generate the alternative
portion that corresponds to that previous edit. For example,
rule generation 424 may utilize regular expressions as a
technique to represent a code portion pre-edit and then use
that representation for recognizing other code portions to
which the edit may also be applicable. Rule generation 414
may also create a portion of the rule which instructs the
alternative code portion generation (e.g., use a saved copy of
the original edit, such as a saved set of characters), or the
instructions on how to modily code (e.g., increment a
variable value). This rule may then be stored, as indicated at
411 as part of session specific rule(s) 424 as a session
specific machine learning artifact 420.

Session edit generation 430 may handle requests or events
that call for the recogmtion 432 of code portions for which
an edit 406 should be recommended and 1dentitying 434 the
alternative code portion to provide as the code portion for
replacement. Session-specific machine learning artifacts 420
may be used by different machine learning techniques to
implement these features. For example, session specific
tuned model 422 may be applied by taking received code
portion 404, generating an iput format of the code portion
(e.g., tokenizing the code portion, creating an input feature
vector, etc.) apply the model 422 weights to produce an
inference that predicts an edit (including what the alternative
code portion should be). In some embodiments, a soft-max
or other selection based on confidence scores for different
possible edits may be used to select the one edit to recom-
mend (e.g., the edit with the highest confidence score).

In some embodiments, session-specific rule(s) 424 may
be applied to search given code portions 404 (e.g., by
applying a regular expression). When a matching code
portion 1s found, then the instructions from the correspond-
ing rule 424 may be applied to generate and return the
alternative code portion as part of an edit 406. Note that 1n
some embodiments, combinations of different machine
learning techniques, such as session specific rule(s) 424 and
as session speciiic tuned model 422 may be used to generate
code edits 406.

FIG. 5 1s a logical block diagram illustrating an example
interface of a development environment, according to some
embodiments. Integrated development environment inter-
face 500 may be implemented on a client of the code
development service 210, as depicted in FIG. 2, or hosted as
part of the code development service 210, as depicted in
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FIG. 2. Other embodiments that are unrelated to a code
development service, such as a stand-alone code editor or
integrated development environment may also 1implement
similar interfaces to those discussed below. Integrated devel-
opment environment mterface 500 may implement a code
editor 510 (e.g., a text editor) which may allow a user to
enter code 1n a programming language. The session-specific
edit recommendations feature 213 of code development
service 210 may analyze code of an opened code file 1n code
editor 510 (which may trigger the start of an editing session
as closing the file may indicate the end of an editing session).

As depicted 1n the illustrated example, different code
portions may be highlighted (e.g., as indicated by the circled
portions). A suggested edits user interface element 520 may
be provided to navigate and/or provide the recommended
edits. For example, the alternative code portion 522 may be
displayed. User interface elements to accept 523 or reject the
edit 524 may be provided. Selection of the accept element
523 may cause the replacement to be performed. Selection
of the reject element 524 may remove the edit recommen-
dation and cause an update to session-specific edit recom-
mendations feature 213 to not make the same recommended
edit later 1n the session. In some embodiments, rejection of
a recommendation may be mmplicitly determined without
selection of reject element 524. For example, in such
embodiments, reject element 524 may not be provided, as
the rejection can be determined according to the lack of
acceptance. Previous element 525 and next element 526 may
be selected to navigate between edit recommendations (e.g.,
between the highlighted portions). In this way, some edits
may be 1gnored and later revisited (or not).

In some embodiments, other user interface elements may
be 1mplemented which are not illustrated in FIG. 3. For
example, an element selectable to save an edit for use 1n
another editing session may be implemented. In another
example, an element selectable to cause the edit recommen-
dation to be performed on other files, packages, or other
code may be selected. Another element for the session-
specific edit recommendation 213 feature to be disabled for
the editing session may be provided. The above examples, as
well as various user interface elements to configure or
control the performance of session-specific edit recommen-
dations may be implemented in different embodiments.

The examples of learning session-specific code recom-
mendations for editing code files discussed above with
regard to FIGS. 2-5 have been given i regard to one
example of a code development service. Various other types
of code editor or development tools, systems, or applications
may implement these techniques. FIG. 6 1s a high-level
flowchart 1llustrating techniques and methods to implement
learning session-specific code recommendations for editing
code files, according to some embodiments. These tech-
niques, as well as the techniques discussed below with
regard to FIG. 7, may be implemented using various com-
ponents of a provider network as described above with
regard to FIGS. 2-5 or other types or systems implementing
code editing tools or other applications.

As 1ndicated at 610, portion(s) of a code file may be
identified to replace with respective alternative code por-
tions during a code editing session, in some embodiments.
For example, a setting, configuration, or other parameter
may be used to enable automatic capture (e.g., according to
the techniques discussed below with regard to FIG. 7) and
recommendation of edits to provide alternative code por-
tions to a user during the editing session. This setting,
configuration, or other parameter may be specified for the
code file specifically (or for a project or other collection of
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multiple code files). In some embodiments, this setting,
configuration, or other parameter may be specified when
starting a new editing session of a file. The setting, configu-
ration, or other parameter enabling automatic capture and
recommendation of edits may cause the analysis to be
performed responsive to events detected by the code editor
application (e.g., at time intervals or when a new edit 1s
learned). In some embodiments, session specific edit rec-
ommendations may be specifically requested (e.g., via a user
interface element of an editor or via a command of a
command line interface). Such requests may be another
cvent that causes the performance of the identification of
portion(s) of the code file to replace with alternative code
portions. In some embodiments, an editing session may
begin when a code file (or set of code files) 1s opened,
obtained, accessed, checked out, otherwise made ready for
perform edits via a code editor or other development tool.
An editing session may end when the code file (or set of code
files) 1s closed, saved, checked-in, returned, or otherwise
made unavailable for editing (until a new code session 1s
started).

As imdicated at 620, a machine learning techmque asso-
ciated with the editing session may be applied, 1n some
embodiments. Diflerent types of machine learning tech-
niques may be applied, as discussed in detail above with
regard to FIG. 4 and below with regard to FIG. 7. For
example, rule-generation technmiques that can recognize a
pattern through captured edits and create a rule to recognize
where another edit that fits the pattern could be made. In
another example embodiment, deep learning techniques that
utilize neural network models can be trained using captured
edits to recognize where another edit that fits the pattern
could be made given input code. Common to the various
types of machine learning techniques that may be imple-
mented are the applicability of the machine learning tech-
nique to recognize the portion(s) of the code filed according,
to previous edits made to the code file during the editing
session, as indicated at 622, and determine corresponding
ones of the previous edits as the respective alternative code
portions 624, in some embodiments.

As indicated at 630, the respective alternative code por-
tions may be provided via an interface of the code editor
application, as recommendations to replace the portions of
the code file, n some embodiments. For example, the
alternative code portions may be diflerent characters,
strings, or other alternative values that may replace current
code portions. The alternative code portions may include
some part of the replaced portion with modifications of some
kind made to the replaced portion (e.g., the addition, dele-
tion, or a combination of both addition and deletion of
characters). For instance, the alternative may append char-
acters to a feature of the code portion (e.g., “foo” may be
replaced with “foo_1" appending the “_17"). The alternative
may remove characters from a feature of the code portion
(e.g., “long-function-name” may be shortened to “function-
name”). The alternative may both add and remove characters
(e.g., “item A=1" may be replaced with “value A=2").

As discussed above, various different types of interfaces
may be used, imncluding command line and graphical dis-
plays. The provided alternative code portions may be
accepted or rejected, 1 some embodiments (e.g., via ele-
ment selection as discussed above with regard to FIG. 5). In
some embodiments, a recommendation may be ignored
(e.g., neither accepted and thus applied, but not rejected). In
some embodiments, a distinction for handling ignored edits
versus rejected edits may be made to update the machine
learning technique that produced the recommended (e.g.,
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rejected edits may not be made again whereas an 1gnored
edit may be made again after, for instance, a period of time
clapses in the editing session).

In some embodiments, a request to save or preserve the
edit for later sessions or for other code files, code packages,
or other code may be received, which may allow the edits to
be pre-loaded or otherwise made during another editing
session, even 11 the edits used to learn the edit recommen-
dation are not made 1n that other editing session (or to be
applied without explicitly opening those files 1 a code
editing session). Although session-specific edits may be
recommended 1n various embodiments, as discussed above,
these session-specific edits may be recommended as part of
a larger set of other types of edits which may be made using
other machine learning or analysis techniques (e.g., included
with bug fixes generated from a bug-fix model or edits that
conform to a project, organization or other entity-related set
of style or other programming guidelines). These other edits,
however, may not be session-specific and thus may be
identified differently, 1n some embodiments.

Different types of machine learning techniques may be
implemented, in some embodiments. These different tech-
niques may provide different ways (and sensitivities or
performance of capturing and generating recommended
edits). Therefore one (or more) of these techniques may be
implemented as part of a code editor application, 1n some
embodiments. FIG. 7 1s a high-level flowchart illustrating
techniques and methods to implement capturing edits to
update machine learning artifacts for session-specific edit
recommendations, according to some embodiments.

As 1ndicated at 710, an edit made to a code file during an
editing session of a code editor application may be captured,
in some embodiments. For example, keystroke capture,
change history, or various other edit tracking techniques may
be applied to record an edit made to a code file. For example,
both the code portion before the edit and the code portion
alter the edit may be recorded. How edits are captured may
vary according to the type of machine learning technique
applied. For a deep learning technique that, for example,
uses these edits to tune pre-trained machine learning model,
the before and after edit code portions may be recorded. For
another technique, such as rule technique that learns a new
rule to add to a rule set for the editing session, a represen-
tation may be generated for the pre-edit code portion, such
as regular expression, which can be stored along with the
post-edit code portion.

A determination may be made as to whether enough edits
have been captured to update a machine learning artifact, in
some embodiments, as indicated at 720. For example, dif-
ferent types of edits may have different capture thresholds,
in some embodiments. A variable or function name change
may, for instance, need be only captured once to recommend
making the same edit to other instances of that name in the
code file. Other changes, such as changes to the input
parameters of a function, for instance, may be recommended
with higher confidence 1t capture more than once (e.g.,
above some threshold number of times). In some embodi-
ments, different machine learning techniques may be deter-
minative ol (or at least partially determinative of) the
number of same edits captured 1n order to be enough to edit
a machine learning artifact. For example, deep learning
techniques may have higher capture thresholds in order to
tune a pre-trained model, whereas a rule generation tech-
nique can update a learned rule set on the basis of a single
istance of a captured edit.

As indicated at 730, the machine learning artifact may be
updated to include the edit for recognition and recommen-
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dation for the editing session, 1n some embodiments. Dii-
ferent machine learning artifacts may be used by different
machine learning techniques. For example, a training data
set and neural network-based model may be used for a deep
learning technique, and thus the training data set and the
neural network-based model may be updated. The captured
edit(s) may be added to the training data set (or used to
create a traiming data set). The tramning data set to execute
one or more training programs to tune a pre-trained text or
code recommendation model to include the captured edits,
producing an updated neural network-based model, which
can then be used to generate the recommendations.

In another example, a machine learning artifact may be a
rule set which may be updated by adding a new rule (or
modifying an existing rule) according to the captured edits.
Rule generation techniques may include generating recog-
nition criteria (e.g., regular expressions) that can be used to
search a code file and then edit generation (e.g., by copying
or adapting an edit according to captured edits).

As indicated by the loop back arrows, edit capture and
machine learning artifact updates may be a continuous
process that a code editor application performs while an
editing session continues (or the edit recommendation fea-
ture 1s disabled, such as by a request to disable edit recom-
mendations).

The methods described herein may i1n various embodi-
ments be implemented by any combination of hardware and
software. For example, in one embodiment, the methods
may be implemented by a computer system (e.g., a computer
system as 1n FIG. 8) that includes one or more processors
executing program instructions stored on a computer-read-
able storage medium coupled to the processors. The program
instructions may be configured to implement the function-
ality described herein (e.g., the functionality of various
servers and other components that implement a provider
network described herein). The various methods as illus-
trated 1n the figures and described herein represent example
embodiments of methods. The order of any method may be
changed, and various elements may be added, reordered,
combined, omitted, modified, etc.

The techniques discussed above for session-specific code
recommendations for editing code files may be executed on
one or more computer systems, which may interact with
various other devices. FIG. 8 1s a block diagram 1llustrating
an example computer system, according to various embodi-
ments. For example, computer system 1000 may be config-
ured to implement various systems, services or application,
in different embodiments. Computer system 1000 may be
any of various types of devices, including, but not limited to,
a personal computer system, desktop computer, laptop or
notebook computer, mainirame computer system, handheld
computer, workstation, network computer, a consumer
device, application server, storage device, telephone, mobile
telephone, or in general any type of computing device.

Computer system 1000 includes one or more processors
1010 (any of which may include multiple cores, which may
be single or multi-threaded) coupled to a system memory
1020 via an input/output (I/O) interface 1030. Computer
system 1000 further includes a network interface 1040
coupled to I/O iterface 1030. In various embodiments,
computer system 1000 may be a uniprocessor system includ-
ing one processor 1010, or a multiprocessor system includ-
ing several processors 1010 (e.g., two, four, eight, or another
suitable number). Processors 1010 may be any suitable
processors capable of executing instructions. For example,
in various embodiments, processors 1010 may be general-
purpose or embedded processors implementing any of a
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variety ol instruction set architectures (ISAs), such as the
x86, PowerPC, SPARC, or MIPS ISAs, or any other suitable
ISA. In multiprocessor systems, each of processors 1010
may commonly, but not necessarily, implement the same
ISA. The computer system 1000 also includes one or more
network communication devices (e.g., network interface
1040) for communicating with other systems and/or com-
ponents over a communications network (e.g. Internet,
LAN, etc.). For example, a client application executing on
system 1000 may use network interface 1040 to communi-
cate with a server application executing on a single server or
on a cluster of servers that implement one or more of the
components of the provider network described herein. In
another example, an 1instance of a server application execut-
ing on computer system 1000 may use network interface
1040 to communicate with other instances of the server
application (or another server application) that may be
implemented on other computer systems (e.g., computer
systems 1090).

In the illustrated embodiment, computer system 1000 also
includes one or more persistent storage devices 1060 and/or
one or more /O devices 1080. In various embodiments,
persistent storage devices 1060 may correspond to disk
drives, tape drives, solid state memory, other mass storage
devices, or any other persistent storage device. Computer
system 1000 (or a distributed application or operating sys-
tem operating thereon) may store instructions and/or data in
persistent storage devices 1060, as desired, and may retrieve
the stored instruction and/or data as needed. For example, in
some embodiments, computer system 1000 may host a
storage system server node, and persistent storage 1060 may
include the SSDs attached to that server node.

Computer system 1000 includes one or more system
memories 1020 that are configured to store instructions and
data accessible by processor(s) 1010. In various embodi-
ments, system memories 1020 may be implemented using
any suitable memory technology, (e.g., one or more of
cache, static random access memory (SRAM), DRAM,
RDRAM, EDO RAM, DDR 20 RAM, synchronous
dynamic RAM (SDRAM), Rambus RAM, EEPROM, non-
volatile/Flash-type memory, or any other type of memory).
System memory 1020 may contain program instructions
1025 that are executable by processor(s) 1010 to implement
the methods and techniques for session-specific code rec-
ommendations for editing code files described herein. In
vartous embodiments, program instructions 1025 may be
encoded 1n platform native binary, any interpreted language
such as Java™ byte-code, or 1n any other language such as
C/C++, Java™, efc., or 1n any combination thereof. For
example, in the illustrated embodiment, program instruc-
tions 1025 include program instructions executable to imple-
ment the functionality of a provider network, in different
embodiments. In some embodiments, program instructions
1025 may implement multiple separate clients, server nodes,
and/or other components.

In some embodiments, program instructions 1025 may
include instructions executable to implement an operating
system (not shown), which may be any of various operating
systems, such as UNIX, LINUX, Solaris™, MacOS™,
Windows™, etc. Any or all of program instructions 1025
may be provided as a computer program product, or soft-
ware, that may include a non-transitory computer-readable
storage medium having stored thereon instructions, which
may be used to program a computer system (or other
clectronic devices) to perform a process according to various
embodiments, such as various techniques for discovering
matching code sources according to index and comparative
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similarity. A non-transitory computer-readable storage
medium may include any mechanism for storing information
in a form (e.g., software, processing application) readable by
a machine (e.g., a computer). Generally speaking, a non-
transitory computer-accessible medium may include com-
puter-readable storage media or memory media such as
magnetic or optical media, e.g., disk or DVD/CD-ROM
coupled to computer system 1000 via I/O interface 1030. A
non-transitory computer-readable storage medium may also
include any volatile or non-volatile media such as RAM
(e.g. SDRAM, DDR SDRAM, RDRAM, SRAM, efc.),
ROM, etc., that may be included in some embodiments of
computer system 1000 as system memory 1020 or another
type of memory. In other embodiments, program instruc-
tions may be communicated using optical, acoustical or
other form of propagated signal (e.g., carrier waves, infrared
signals, digital signals, etc.) conveyed via a communication
medium such as a network and/or a wireless link, such as
may be implemented via network interface 1040.

In some embodiments, system memory 1020 may include
data store 1045, which may be configured as described
herein. In general, system memory 1020 (e.g., data store
1045 within system memory 1020), persistent storage 1060,
and/or remote storage 1070 may store data blocks, replicas
of data blocks, metadata associated with data blocks and/or
their state, configuration information, and/or any other infor-
mation usable 1n implementing the methods and techniques
described herein.

In one embodiment, I/O nterface 1030 may be configured
to coordinate I/O traflic between processor 1010, system
memory 1020 and any peripheral devices in the system,
including through network itertace 1040 or other peripheral
interfaces. In some embodiments, I/O interface 1030 may
perform any necessary protocol, timing or other data trans-
formations to convert data signals from one component
(e.g., system memory 1020) into a format suitable for use by
another component (e.g., processor 1010). In some embodi-
ments, I/O mterface 1030 may include support for devices
attached through various types of peripheral buses, such as
a variant of the Peripheral Component Interconnect (PCI)
bus standard or the Universal Serial Bus (USB) standard, for
example. In some embodiments, the function of I/O 1inter-
tace 1030 may be split into two or more separate compo-
nents, such as a north bridge and a south bridge, for example.
Also, 1n some embodiments, some or all of the functionality
of I/O mtertace 1030, such as an interface to system memory
1020, may be incorporated directly into processor 1010.

Network interface 1040 may be configured to allow data
to be exchanged between computer system 1000 and other
devices attached to a network, such as other computer
systems 1090 (which may implement one or more storage
system server nodes, database engine head nodes, and/or
clients of the database systems described herein), for
example. In addition, network interface 1040 may be con-
figured to allow communication between computer system
1000 and various I/O devices 1050 and/or remote storage
1070. Input/output devices 1050 may, 1n some embodi-
ments, include one or more display terminals, keyboards,
keypads, touchpads, scanning devices, voice or optical rec-
ognition devices, or any other devices suitable for entering
or retrieving data by one or more computer systems 1000.
Multiple input/output devices 1050 may be present 1n com-
puter system 1000 or may be distributed on various nodes of
a distributed system that includes computer system 1000. In
some embodiments, similar mput/output devices may be
separate from computer system 1000 and may interact with
one or more nodes of a distributed system that includes
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computer system 1000 through a wired or wireless connec-
tion, such as over network interface 1040. Network interface
1040 may commonly support one or more wireless network-
ing protocols (e.g., Wi-FI/IEEE 802.11, or another wireless
networking standard). However, 1n various embodiments,
network interface 1040 may support communication via any
suitable wired or wireless general data networks, such as
other types of Ethernet networks, for example. Additionally,
network interface 1040 may support communication via
telecommunications/telephony networks such as analog
voice networks or digital fiber communications networks,
via storage area networks such as Fibre Channel SANs, or
via any other suitable type of network and/or protocol. In
various embodiments, computer system 1000 may include
more, fewer, or diflerent components than those 1llustrated
in FIG. 8 (e.g., displays, video cards, audio cards, peripheral
devices, other network interfaces such as an ATM interface,
an Ethernet mterface, a Frame Relay interface, etc.)

It 1s noted that any of the distributed system embodiments
described herein, or any of their components, may be
implemented as one or more network-based services. For
example, a compute cluster within a computing service may
present computing services and/or other types of services
that employ the distributed computing systems described
herein to clients as network-based services. In some embodi-
ments, a network-based service may be implemented by a
software and/or hardware system designed to support
interoperable machine-to-machine interaction over a net-
work. A network-based service may have an interface
described in a machine-processable format, such as the Web
Services Description Language (WSDL). Other systems
may interact with the network-based service in a manner
prescribed by the description of the network-based service’s
interface. For example, the network-based service may
define various operations that other systems may invoke,
and may define a particular application programming inter-
face (API) to which other systems may be expected to
conform when requesting the various operations. though

In various embodiments, a network-based service may be
requested or ivoked through the use of a message that
includes parameters and/or data associated with the net-
work-based services request. Such a message may be for-
matted according to a particular markup language such as
Extensible Markup Language (XML ), and/or may be encap-
sulated using a protocol such as Simple Object Access
Protocol (SOAP). To perform a network-based services
request, a network-based services client may assemble a
message including the request and convey the message to an
addressable endpoint (e.g., a Uniform Resource Locator
(URL)) corresponding to the network-based service, using
an Internet-based application layer transier protocol such as
Hypertext Transier Protocol (HTTP).

In some embodiments, network-based services may be
implemented using Representational State Transter (“REST-
tul”) techmques rather than message-based techniques. For
example, a network-based service implemented according to
a RESTTul technique may be invoked through parameters
included within an HTTP method such as PUT. GET, or
DELETE, rather than encapsulated within a SOAP message.

Although the embodiments above have been described 1n
considerable detail, numerous variations and modifications
may be made as would become apparent to those skilled in
the art once the above disclosure 1s fully appreciated. It 1s
intended that the following claims be interpreted to embrace
all such modifications and changes and, accordingly, the
above description to be regarded 1n an 1llustrative rather than
a restrictive sense.
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What 1s claimed 1s:

1. A system, comprising:

at least one processor; and

a memory, storing program instructions that when

executed by the at least one processor, cause the at least
one processor to implement an integrated development
environment, the mtegrated development environment
configured to:
capture one or more edits to a code file recerved via an
interface of the integrated development environment
during an editing session;
update an artifact used by a machine learning technique
to include the captured one or more edits;
alter the update to the artifact:
apply, during the editing session, the machine learn-
ing technique to i1dentily one or more portions of
the code file to replace with respective alternative
code portions that makes a same edit as one of the
captured one or more edits to the code file,
wherein the application of the machine learning
technique:
recognizes the one or more portions of the code
file according to the captured one or more edits;
and
determines corresponding ones of the captured
one or more edits as providing the respective
alternative code portions; and
display, via the interface, the respective alternative code
portions as recommendations to replace the one or
more portions of the code file.

2. The system of claim 1, wherein the integrated devel-
opment environment 1s further configured to determine that
the one or more edits to the code file are enough to update
the machine learning artifact before performance of the
update to the machine learning artifact.

3. The system of claim 1, wherein to update an artifact
used by the machine learning technique, the integrated
development environment 1s configured to cause a pre-
trained neural network-based model to be tuned to include
the one or more edits.

4. The system of claim 1, wherein the integrated devel-
opment environment 1s implemented as part of a code
development service oflered by a provider network.

5. A method, comprising:

identifying, by a code editor application during an editing

session, one or more portions ol a code file to replace
with respective alternative code portions, wherein the
identifying comprises:
applying a machine learning techmque associated with
the editing session that:
recognizes the one or more portions of the code file
according to one or more previous edits made to
the code file during the editing session; and
determines corresponding ones of the one or more
previous edits as the respective alternative code
portions, wherein the respective alternative code
portions makes a same edit as one of the one or
more previous edits to the code file; and
providing, via an interface of the code editor application,

the respective alternative code portions as recommen-
dations to replace the one or more portions of the code
file.
6. The method of claim 3, further comprising:
capturing, by the code editor application, the one or more
previous edits during the editing session;
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determiming, by the code editor application, that the one
or more previous edits are enough to update a machine
learning artifact; and
causing, by the code editor application, the machine
learning artifact to be updated to include the one or
more previous edits for recognition and recommenda-
tion during the editing session.
7. The method of claim 6, wherein causing the machine
learning artifact to be updated to include the one or more

previous edits comprises causing a pre-trained neural net-
work-based model to be tuned to include the one or more
previous edits.

8. The method of claim 6, wherein causing the machine
learning artifact to be updated to include the one or more
previous edits comprises generating a rule to be included 1n
a session-specific rule set that 1s usable to recognize other
code portions for which the one or more previous edits are
applicable and generate a replacement code portion.

9. The method of claim 6, wherein an edit threshold to
determine that the one or more previous edits 1s enough 1s a
one edit threshold.

10. The method of claim 5, performing the 1dentifying and
the providing 1n response to receiving a request to make
code edit recommendations received via the interface.

11. The method of claim 5, further comprising excluding
from future edit recommendations one of the recommenda-
tions according to a determination by the code editor appli-
cation that the recommendation 1s rejected.

12. The method of claim 5, further comprising replacing,
by the code editor application the one or more portions of the
code file with the respective alternative portions responsive
to recerving an acceptance of the recommendations via the
interface.

13. The method of claim 3, further comprising saving, by
the code editor application, the one or more previous edits
for use 1n providing edit recommendations 1n a different
editing session in response to a request received via the
interface.

14. One or more non-transitory, computer-readable stor-
age media, storing program instructions that when executed
On or across one or more computing devices cause the one
or more computing devices to implement:

identifying, by a code editor application during an editing,

session, one or more portions of a code file to replace
with respective alternative code portions, wherein, 1n
identifying the one or more portions of the code file, the
program 1nstructions cause the one or more computing
devices to implement:
applying a machine learning technique associated with
the editing session that:
recognizes the one or more portions of the code file
according to one or more previous edits made to
the code file during the editing session; and
determines corresponding ones of the one or more
previous edits as the respective alternative code
portions, wherein the respective alternative code
portions makes a same edit as one of the one or
more previous edits to the code file; and
displaying, via an interface of the code editor application,
the respective alternative code portions as recommen-
dations to replace the one or more portions of the code
file.

15. The one or more non-transitory, computer-readable
storage media of claim 14, storing further program instruc-
tions that when executed by the at least one processor, cause
the at least one processor to implement:
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capturing the one or more previous edits during the
editing session;

determining that the one or more previous edits are
enough to update a machine learning artifact; and

causing the machine learning artifact to be updated to
include the one or more previous edits for recognition
and recommendation during the editing session.

16. The one or more non-transitory, computer-readable

storage media of claim 15, wherein, 1n causing the machine
learning artifact to be updated to include the one or more
previous edits, the program instructions cause the one or
more computing devices to implement generating a rule to
be included in a session-specific rule set that 1s usable to
recognize other code portions for which the one or more
previous edits are applicable and generate a replacement
code portion.

17. The one or more non-transitory, computer-readable
storage media of claim 14, storing further program instruc-
tions that when executed by the at least one processor, cause
the at least one processor to implement excluding from
future edit recommendations one of the recommendations

10
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according to a determination by the code editor application
that the recommendation 1s rejected.

18. The one or more non-transitory, computer-readable
storage media of claim 14, storing further program instruc-
tions that when executed by the at least one processor, cause
the at least one processor to implement performing the
identifying and the displaying after receiving a request to
enable automatic code edit recommendations.

19. The one or more non-transitory, computer-readable
storage media of claim 14, storing further program instruc-
tions that when executed by the at least one processor, cause
the at least one processor to implement replacing, by the
code editor application the one or more portions of the code
file with the respective alternative portions responsive to
receiving an acceptance of the recommendations via the
interface.

20. The one or more non-transitory, computer-readable
storage media of claim 14, wherein the code editor appli-
cation 1s implemented as part of an integrated development

20 environment.
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